Key indicators: single-crystal synchrotron study; T = 100 K; mean (C-C) = 0.003 Å; R factor = 0.033; wR factor = 0.087; data-to-parameter ratio = 7.7.
The title hydrate, C 19 H 34 O 13 Á5H 2 O, contains a vicinally disubstituted trisaccharide in which the two terminal rhamnosyl sugar groups are positioned adjacent to each other. The conformation of the trisaccharide is described by the glycosidic torsion angles '2 = 48 (1) , 2 = À29 (1) , '3 = 44 (1) and 3 = 4 (1) , whereas the 2 torsion angle represents a conformation from the major state in solution, the 3 torsion angle conformation may have been caught near a potential energy saddle-point when compared to its solution structure, in which at least two but probably three conformational states are populated. Extensive intermolecular O-HÁ Á ÁO hydrogen bonding is present in the crystal and a watercontaining channel is formed along the b-axis direction. Table 1 Hydrogen-bond geometry (Å , ). In carbohydrate structures from humans the number of different monosaccharides is quite limited; typically seven different sugars are present in glycoproteins and glycolipids (Varki et al., 1999) . Constituents of polysaccharides in man add a few more monosaccharides to the repertoire. In bacteria, however, more than 100 different monosaccharide components have been found (Lindberg, 1998) . One of them, L-rhamnose (6-deoxy-L-mannose) is present as a major constituent of the O-antigen polysaccharides from Shigella flexneri (Kulber-Kielb et al., 2007) and is the sole monosaccharide in the repeating unit of an O-antigen from a Klebsiella pneumoniae strain (Ansaruzzaman et al., 1996) . L-rhamnose is also found a the branch point sugar in some polysaccharides, e.g., from Escherichia coli O139 (Marie et al., 1998) and Yersinia enterocolitica serotype O:28 (Perry & MacLean, 2000) .
Related literature
In the title compound (I) the three sugar components are all L-rhamnose residues having the α-anomeric configuration.
The O-methyl residue (a) is vicinally disubstituted at O2 (residue b) and O3 (residue c) which leads to spatial proximity of also the two latter rhamnosyl groups. The major degrees of freedom in trisaccharide (I) are present at the (1 → 2)-and (1 → 3)-linkages, i.e., between residues b and a as well as between residues c and a, respectively. The torsion angles are given by φ2 = 48°, ψ2 = -29°, φ3 = 44° and ψ3 = 4°. In a recent NMR and molecular dynamics (MD) simulation study of (I) in water solution <φ> ≈ 40°, when the exo-anomeric conformation was populated, but non-exo conformations with φ < 0° were also significantly populated (Eklund et al., 2005) . The dynamics of the ψ torsion angles were found to be highly correlated with both ψ2 and ψ3 being either > 0° or < 0°. The conformation of the X-ray structure (Figure 1 ) is reminiscent of the conformational states found from the MD simulation and the values of the glycosidic torsion angles are observed to correspond to conformational regions that are highly populated, albeit the ψ torsion angles in the solid state structure deviate somewhat from the pattern observed from the molecular simulations with water as a solvent.
In studies of the conformational dynamics of the title trisaccharide trans-glycosidic heteronuclear carbon-proton coupling constants were measured (Eklund et al., 2005; Jonsson et al., 2011) which, when interpreted by Karplus-type relationships (Säwén et al., 2010) , can yield information on conformation via torsion angles at the glycosidic linkages.
Calculation of the three-bond coupling constants based on the torsion angles in the crystal structure of the trisaccharide showed that for the φ torsion angles and the ψ torsion angle at the α-(1 → 2)-linkage the differences to the experimental data were not larger than ca 0.5 Hz, indicating that for these torsions the conformation in the solid state is similar to that populated to a large extent in solution. However, for the ψ torsion angle at the α-(1 → 3)-linkage the corresponding difference was larger, ca 1 Hz, suggesting that in the crystal structure the latter torsion describes a conformation that is less populated in water solution. The crystal structure conformation is still, however, one in a low potential energy region, since conformational exchange occurs for both of the ψ torsion angles between states for which ψ takes either positive or negative values according to the molecular dynamics simulation (Eklund et al., 2005) . Extensive water-water hydrogen bonding was observed (Table 1) between the title compound and water molecules leading to a water channel in the b-direction ( Fig. 2 and Fig. 3 ). The title compound showed hydrogen bonds to water and to other adjacent (symmetry related) trisaccharides, but no intra-molecular hydrogen bonds were found.
Experimental
The synthesis of (I) was described by Eklund et al. (2005) in which all three rhamnosyl residues have the L absolute configuration. The trisaccharide was crystallized at ambient temperature by slow evaporation from a mixture of water and ethanol (1:1). The crystal was mounted in a capillary tube and diffraction data were collected at 100 K on beamline I711 at the Swedish synchrotron radiation facility, MAXLAB, Lund.
Refinement
All hydrogen atoms, except those on the water molecules, were geometrically placed and constrained to ride on the parent atom. The C-H bond distances are 0.98 Å for CH 3 , 0.99 Å for CH 2 , 1.00 Å for CH. The O-H bond distance is 0.84 Å for OH groups. The U iso (H) = 1.5 U eq (C,O) for the CH 3 and OH while it was set to 1.2 U eq (C) for all other H atoms. Due to the abscence of significant anomalous scatterers, the value of the Flack parameter was not meaningful, thus the 3220 Friedel equivalents were included in the merging process (MERG 4 in SHELXL). The absolute configuration of each sugar residue is known from the starting compounds used in the synthesis. The hydrogen atoms of the water molecule were located from difference density map, given U iso (H) = 1.5U eq (O) and in the refinement the d(O-H) and d(H..H) were restrained to retain the previously known geometry of the water molecule. The H502 is an hydrogen atom connected to a solvent water molecule where the H502 related by a 2 fold axis will be positioned at a much too close distance. The water molecule defined by OW5, H501 and H502 do not strictly fulfil the crystallographic symmetry of the rest of the strucutre, at least this is true for one of the H atoms for this very water molecule. ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Computing details

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
